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Cosmic Ray

=xperiments & Cosmic Ray Physics

CR Experiments 10’2 =» 108 eV:
Future:
e ARGO-YBJ o LHAASO
: 'Iljllg\é\'/l'CAS e HISCORE
Y TIBET A h
e GRAPES o Sy enhancements
o KASCADE
e KASCADE-Grande
® Tunka-133 Not discussing: Highest Energy Cosmic Rays
® |celop (Auger, TA/TALE, Yakutsk, JEM-EUSO)

e The ‘Scientific Case’ for new generation Extensive Air Shower (EAS)
arrays in the 102 - 10'® eV energy range

=» open problems in Galactic Cosmic Ray Physics
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Questions to the knee energy range

Cosmic Ray sources (‘PelVatrons’) — Still open
NO smoking guns from TeV gamma-ray astronomy !

Composition at the knee ? .
Rigidity — dependent knee ? — Still open

Results still conflicting in the knee energy region !

Anisotropy ? = Totally open

No theory of CRs exists yet to explain observed anisotropy !

End of Galactic spectrum ? >
Transition galactic - xgalactic ? Open
Only hyphotheses
Hadronic interaction models ? — > Still uncertain

cross sections, diffractive, inelasticity, ...

G. Di Sciascio, RICAP 2014, 02 October 2014



The ‘Cosmic Ray connection'

% Hadronic emission (CR sources):p+p/y=n (' +n+n°)+h

,———> Y Gamma-Ray Astronomy

= V  Neutrino Astronomy

CRs, photons and neutrinos strongly correlated: the ‘cosmic ray connection'

ONLY charged CRs observed at E > 10'* eV so far!

Recent observations of PeV neutrinos by Icecube

% Leptonic emission (Inverse Compton): e+y=¢ +7v

scattering of electrons on low energy photons:
v Cosmic Microwave Background (CMB)
v Infrared, optical photons

v Synchrotron photons SSC model: photons radiated by high energy (107° eV) electrons

boosted by the same electrons

Gammas (and neutrinos) point back to their sources (SNR, PWN, BS, AGN ..)
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TeVatrons sky
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But smoking gun still missing...
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Things are not simple...

Each SNR is individual and has a unique behaviour

In general one expects a combination of leptonic and hadronic emission

- Yuan et al., 2013

10"
The relative contributions depend on: _ bre'nfl - | V;Rﬁig l::
c;w 1078 pIGH =~ <==== _
e Ratio of the injected electrons and protons € leial TYCHO SNR
e Electrons and protons spectra (Power law ? Breaks ? Cutoff ?) >
e Particle confinement, escape time g, 18
e Density of target material for proton interactions 5
e Density of low energy seed photons for electron IC 5 101
e Magnetic field strength (synchrotron emission) . - W ]
e SN type P S S /S SVTH R UTYY EARTINT SATRRTT 1 R ST
* SNR age and morphology “y S A A U
e Presence of Molecular Clouds sl
e Absorption of gamma rays Hadronic emission
o 70 decay Leptonic emission
Electron Inverse
Multi-wavelenght observations are very important ! Compton with a cutoff in

the electron spectrum

BUT, in this complex scenario, one thing is clear:

% A power law spectrum reaching 100 TeV without a cutoff is a very
strong indication of the hadronic origin of the emission

Photons of few hundreds of TeV are a clear signature of acceleration of 10" eV protons
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Data above 30 TeV are very important...

...to discriminate between Leptonic/Hadronic emission of photons

4+ Leptonic emission:
10.00
5.00

1) Thomson regime

Ece << 4m¢> (€ =seed photon energy)
Costant cross section: Thomson cross section)
Electron spectrum E*

= Gamma ray spectrum E®, B=( a+1)/2

1.00 ¢
0.50

SED : ¢,(E) E?

0.10
0.05 ¢

2) Klein-Nishina regime Gamma ray spectrum multiplied by E?

001 0o aaaaal PSR ST . PR | IR | ey el Lo
10 100 1000 104 10° 108 107

The cross section decreases

Photon index p= a+1

In case of CMB seed photons, the KN
regime starts below 100 TeV

Ey (GeV)
Inverse Compton is suppressed by the Klein-Nishina effect

4 Hadronic emission:
nY decay from proton/nuclei interactions with the ambient nuclei

There is no suppression at high energy as IC, unless the parent proton spectrum has a cutoff
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Data above 30 TeV are very important...

..to discriminate between Leptonic/Hadronic emission of photons

4+ Leptonic emission:

1) Thomson regime

E. £ << 4 m.2 (¢ = seed photon energy)

Costant cross section: Thomson cross section) E
Electron spectrum E-® <
= Gamma ray spectrum E-P, B=( a+1)/2 2
VI ~_ 30 NS ‘
2) Klein-Nishina regime b O\le SP G\’ a’“odtrum multiplied by E?
. e 1000 10* 10° 108 107
The cross section decreases ((N Co\’ s g

Photon index p= o+l “oﬂo
In case of CMB seed photons, the K** y \ '\Q

regime starts below 100 TeV ,‘a\ ’QO,V compton is suppressed by the Klein-Nishina effect

Gaﬂ‘m Gﬂ
L o™
4 Hadronic emissio, U0

nY decay from proton/nuclei interactions with the ambient nuclei

There is no suppression at high energy as IC, unless the parent proton spectrum has a cutoff
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Gamma-Ray Astronomy above 30 TeV

Status of the art

~ 150 sources observed above 1 TeV

<

Data above 30 TeV are very scarce

G. Di Sciascio, RICAP 2014, 02 October 2014

10 sources observed above 30 TeV:

Crab Nebula

VELA -X

MGRO J2031+41
MGRQO J2019+37
MGRO J1908+06
SNR RX J1713.7-3946

4

No photons detected above 100 TeV !

E2dN/dE [ MeV cm2s-1]

RX J1713.7-3946

ARGO-YBJ upper limit (2012)
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PeVatrons sky
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PeVatrons sky
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Extend energy range !
—> very large area

— wide-angle y-ray detectors
=» EAS arrays

Where are the Cosmic Ray PeVatrons ? -80
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Cosmic Ray diffusive propagation and anisotropy

Distribution of nearby SNRs in the Galaxy , _
——— Galactic Cosmic Rays
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; % - e CR density gradients are visible as anisotropy
X
o g ] e Anisotropy amplitude = 102
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L 5 0 2 4 s s 10 Phase pointing towards the most significant sources

Generally speaking, the dipole component of the anisotropy is believed to be a tracer of the CR
source distribution, with the largest contribution from the nearest ones.

Measuring the anisotropy of CRs provides important information on
the propagation mechanisms and the identification of their sources.
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The ‘CR anisotropy problem'

B - :/ :/ ~
L _ / 7 7 i
0.0100F / pie=="_ .
L = 3

Anisotropy

£ ! ]
* CRs scatter in the turbulent Galactic magnetic field (GMF) 0.0010 b .
and their propagation is believed to be diffusive. : ! 5
* In this framework the only deviation from an isotropic CR arrival e
direction distribution is in the form of a dipole anisotropy. E(GeV)
Strong et al. 2007
Erlykin & Wolfendale 2006
Blasi & Amato 2012
Models considering the isotropic diffusive propagation of CRs in the Galaxy generally predict pom & Biehler 01 s
a much higher large-scale anisotropy in the multi-TeV energy band than observed (= 0.1%). Giacinti & Sigl 2012

One requires a residence time in the galaxy «E "° to turn a source spectrum E~" into the observed spectrum B2

Such a large fall in trapping time at high energies implies a rapid outflow of particles from the galaxy at very high
energies, of which there is no sign.

e Models with smaller 6, in better agreement with anisotropy data, require too steep source spectra to reproduce
the observed spectra.

e Models with & = 0.5, preferred on the basis of CR spectral data, face major problems with the observed Large
Scale CR Anisotropy.

The ‘anisotropy problem’ is the most serious challenge to the standard
model of the origin of galactic CRs from diffusive shock acceleration. | g 2005
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Medium Scale Anisotropy

CR anisotropy is not a dipole

Tibet ASy 2007

28 82 23

- 2 82

Milagro 2008

Milagro 7-Year Data

Region A

pre-trial significance [o]

A. Abdo et al., PRL 101:221101, 2008
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Why the dipole 7

Very common sentence in theoretical papers in the last 10 years:

“The large scale anisotropy can be explained within the diffusive approximation.”  swongeta. 2007
Erlykin & Wolfendale 2006

Blasi & Amato 2012

What do authors mean with “large-scale”? Pohl & Eichler 2013
Zirakashvili & Ptuskin 2012

Models based on the diffusion approximation foresee a dipole, i.e. the sentence Glacinti & Sigl 2012

would be true if “large-scale” meant “one single excess as wide as 180°”

Why the dipole ?

% First (and easiest) component to detect experimentally (but underground experiments did better already
decades ago).

% Theoretically, it is the easiest component to (try to) relate to Physics.

* Even considering the space as an isotropic medium of propagation, one source emitting CRs

would generate a dipolar anisotropy.

* When there are several sources the corresponding dipole anisotropies compose in a result dipole.
Therefore, if the CR propagation is isotropic, we expect a dipole anisotropy pointing towards the
average position of CR sources.

* Whichever motion of the laboratory reference frame with respect to an isotropic CR plasma would
result in a dipole.

* In general, composing dipoles result in a dipole.

G. Di Sciascio, RICAP 2014, 02 October 2014 13



Probing sources & propagation of CRs ?

» propagation effect from turbulent realization of interstellar magnetic field

within scattering mean free path

Giacinti & Sigl, 2012

10 PeV 50 PeV

0 +380 0 +360

e —— e — — —
094096098 1 1.021.041.061.08 08 09 1 1.1 12

FIG. 1. Renormalized CR flux predicted at Earth for a
concrete realization of the turbulent magnetic field, after
subtracting the dipole and smoothing on 20° radius circles.
Primaries with rigidities p/Z = 10'°eV (left panel) and
5 x 10'% eV (right panel). See text for the field parameters
and boundary conditions on the sphere of radius R = 250 pc.

The medium and small scale anisotropies necessarily
appear on the sky, provided that there exists a large
scale anisotropy.

The small scale anisotropies are due to the structure of
the local turbulent GMF, typically within the scattering
length from Earth.

“For distances from the source less than the diffusion length, the propagation in the local turbulent
magnetic field still has memory: the particle trajectories are locally determined by their initial directions,
and a very small change of the initial angle would not lead to very significantly different trajectories.”

Turbolent GMF CR propagation

T
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Probing sources & propagation of CRs ?

» propagation effect from turbulent realization of interstellar magnetic field

within scattering mean free path 5 3 4999 Ablers, 2014

anomalous anisotropy structure spontaneously generated
from a global dipole anisotropy as a consequence of Liouville
Theorem in the presence of a local turbulent magnetic field

Tv=0.1
= Ty=]
- Tv>l
e lceCube 2013 (prel.)
«  isotropic background

CR diffusive propagation ™= Dipolar flux (= large scale anisotropy)

CR diffusive propagation in local turbolent GMF = small anisotropies

power spectrum C;
=
L

2
=

good correlation of the CR angular power spectrum with
the frequency spectrum of galactic magnetic fields

10 1!

120 ’
10 5 10 15 20 25 30

VT is the time in units of “relaxation time” (v is the relaxation rate). RSO TR ¢

The higher the multipole, the closer its value to asymptotic values. Large non turbolent contributions at low multipoles ?!

CRs virtually lose memory of times longer ago than T, and
their propagation is uncorrelated with initial conditions.

New generation EAS-array to open the way to multi-scale sky survey, allowing to relate the
angular power spectrum to the frequency spectrum of galactic magnetic fields.
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—nergy Spectrum, Anisotropy & Mass Composition

The measurement of CR energy spectrum, mass composition and anisotropy
inevitably probes the properties and spatial distribution of their sources as

well as of the long propagation journey through the magnetized medium.

In fact, propagation of CRs in the galactic medium is

known to affect their spectrum and direction distribution. 510
£
S%
The determination of the CR arrival direction does not :j"’z;
depend on knowledge of the mass of the primary particle, -
however, the use of combined data on the energy gE:

spectrum and arrival direction distribution requires the
knowledge of the primary mass distribution to discriminate
between different origin and propagation models.
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= study correlation between anisotropy & spectral anomalies vs primary mass

= New generation EAS-array !
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Approaching the knee

How well do we know the structure of the primary
spectrum around the knee (104 - 1076 gV) ?

The standard model:

But

Knee attributed to light (proton, helium) component

Rigidity-dependent structure (Peters cycle): cut-offs at
energies proportional to the nuclear charge E; = Z x 4.5 PeV

The sum of the flux of all elements with their individual cut-
offs makes up the all-particle spectrum.

Not only does the spectrum become steeper due to such a
cutoff but also heavier.

Experimental results still conflicting !

G. Di Sciascio, RICAP 2014, 02 October 2014
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Energy Calibration

All particle spectra obtained shifting the energies by a factor smaller

than what can be estimated as systematic error: i.e. 15-20%
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Difference between measurements can be mainly
attributed to systematic effects in the energy calibration

Overposition with direct measurements crucial =» low energy threshold
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Calibration of the energy scale

Dec-Dec,,,,, (Deg)

ARGO-YBJ: Moon shadow tool

I TTTTTTT] o
1 =10
1 20
1 30

1 —-40

1 —-50

-60

-70

-80

II-2III-1 0IIII1IIII2IIII3
(Ra-Ra__ )cos(Dec) (Deg)

The energy scale uncertainty is estimated at
10% level in the energy range 1 — 30 (TeV/Z).
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Bartoli et al., Chin. Phys. C 38, 045001 (2014)

e CREAM:  1.09 X 1.95 X 10°'! (E/400 TeV)262
e ARGO-YBJ: 1.95 X 10! (E/400 TeV)2¢!
e Hybrid: 0.92 X 1.95 x 1011 (E/400 TeV)263

Single power-law: 2.62 + 0.01

Flux at 400 TeV:
1.95 x 1011+ 9% (GeV-! m2 sr! s7!)

The 9% difference in flux corresponds to a difference
of + 4% in energy scale between different experiments.
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T ey Low energy threshold important !
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Light component spectrum (3 TeV - 5 PeV) by ARGO-YBJ

Comparison with direct measurements and with Tibet ASgamma (SYBILL)

Q | | | | l | | | | l | | | | l | | | | l | | | | l | | | | l | | | | l | | | | l | | | |
Ih —"'"'""""f"""'"'"'"'"'"""'"'""l""'"""'"'"\'"'""""""l""""""""; """"""""""""""""""""""""""" —
- : : :
E - A e e EP'I"éli'rﬁi'h'al"V””
g : : ;
> 5 5 5
v 104 T
Q7 i g I I _]
N ----J---‘------3'------l----------------:- ------------------------------------------------- —
% ........... 1;.-.--------;--;:-;- ............................................. —_
~ : it S S St EFCEREEEEEE e Tt ]
rd 5 i A g;.-...~..ﬁ.s..'. ...... N —
] T l : ~ ¢ Gaisseér-Stanev-Tilav
S ) : N TR RPN S EEEEEREEEE —
= S :
© e, S S S 2 i SO S T S —
X @® ARGO-YBJG4 N
° @® ARGO-YBJGT \:
a ARGO-YBJ Bayes-G4 N\
= 103 b= L. ARGO-YBJ Bayes-G1 R S AU S SR 0 WU S _—
I ARGO-YBJ WFCTA (p + He) N N L
e ARGO-YBJ strip (p + He) P . e ) VPP Nfre s —
 ELEEEEEET R ;- []  YAC-ITibetlll (p + He) SIB 2013 R LR R PR PR TP EPE PR L EREEEE RS nERETEEE L CEEPERRE R R R —
e .- N+ ¢ CREAM (p + He) 2011 R Bt R EEREEEE ) ;---3-—---—--—‘-
e = = 200 B SRR Y 7 1 RS SR R T 7 3l
IS o at 7 1 POV i Horandel i ~~ i oo . v....... Horandel
: == == . Gaisseretal 2013 (p + He) . . . . \ :
[ ] Direct measurements comb. (p + He) : ‘
; ; ; : ; ; ; '\
: :\
| | | | l | | | | l | | | | l | | | | l | | | | l | | | | l | | | | l | | | l I\I | |

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Logw(E/TeV)

G. Di Sciascio, RICAP 2014, 02 October 2014 20



The overall picture
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Questions to the knee energy range

Cosmic Ray sources (‘PelVatrons’) I Still open
Observation of gamma-ray sky above 100 TeV !

Composition at the knee ? .
Rigidity — dependent knee ? — Still open

Observation of proton (ARGO-YBJ ?) and iron knees !

Anisotropy ? = Totally open
Spectroscopy of the anisotropy regions !

End of Galactic spectrum ?
p »

Transition galactic - xgalactic ? Open

Energy spectrum and composition with high resolution !

Hadronic interaction models ? — > Still uncertain

High resolution multi-component measurement !

G. Di Sciascio, RICAP 2014, 02 October 2014



Questions to the knee energy range

Cosmic Ray sources (‘PelVatrons’) I Still open
Observation of gamma-ray sky above 100 TeV !

Composition at the knee ? .
Rigidity — dependent knee ? — Still open

Observation of proton (ARGO-YBJ ?) and iron knees !

Anisotropy ? . - -
by New generation EAS array working

P in the 101 - 1018 eV energy region !

End of Galactic spectrum ?
p »

Transition galactic - xgalactic ? Open

Energy spectrum and composition with high resolution !

Hadronic interaction models ? — > Still uncertain

High resolution multi-component measurement !
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Tibet ASy upgrades

AS arl’ay at h|gh altrtUde (4300m aSI) in Opel’ation Since 1990 Yangbajing Ai1r shower Core array
Tibet-IIl array:37000 m?2 with 789 scint. [

YAC array: 500 m2 with 124 scint. 7rl

MD array: 5000 m? with 5 pools of water Cherenkov. ron

Goal: energy spectrum & composition in the knee energy region
through the mesurement of the high energy air shower cores.

Box

Observation of shower electron size under
50 TeV —101%eV lead plate (burst size N») induced by high
energy e.m. particles in shower core region.
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YAC: Yangbajing Air shower Core array

YAC1: a prototype taking data from 2009
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HISCORE project

Hundred®i Square-km Cosmic ORIigin Explorer

Concept: non-imaging air Cherenkov technique

Large area: array up to few 100 km?
Large Field of view: ~ 0.6 sr
Sky-coverage: >t sr @ 200 h / year

M. Tluczykont et al.: arXiv1403.5688

Prototype-array at Tunka-133:
e 9 stations, 300 m x 300 m since October 2013

¢ 150 m inter-station distance

Opening up the Pevatron range: gamma-ray and
cosmic-ray astrophysics beyond 10 TeV

Optical Station
G. Di Sciascio, RICAP 2014, 02 October 2014
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HISCORE Physics Potential

Opening the PeVatron range

w 10 S Crab Nebula, model fit . KASCADE U.L.
'E E ARGO-YBJ, Crab Mebula ] H.E.5.5. survey, hard sources
o 10 ?::“-“- ARGO-YBJ, MGRO J1908+06 . MGRO J1908+06
210 = ®  HESS.J1908+06
3 F
E B
E‘J 1011 =
= =
1072 &
;'w " Assuming pevatron with cutoff at 3PeV E
E I [
; MGRO J1908+06 B
210" = 1077
s 0 : HISCORE, 1000h_-
W[ B o~
L .Iu-l.ﬂ [ |||||||| ] |||||I|| ] i I|||||| | |""|"||I|I| i I
_ 107 1 10 10° 10° 10°
102 = Miagrodata | energy / TeV
- —&— H.E.S.S. data ) ‘
B Extrapolation with cutoff / 10 km? Tluczykont et al. (2014) 2014APh....56...42T
L —ua— Expected HiSCORE signal NO p det
- T . | vear (200h)
1 10 102 10°
energy/TeV
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What is LHAASO ?

The Large High Altitude Air Shower Observatory (LHAASO) project is a new generation
all-sky instrument to investigate the ‘cosmic ray connection' through a combined study of
cosmic rays and gamma-rays in the wide energy range 10" -- 1077 eV.

The first phase of LHAASO will consist of the following major components:

e 1 km? array (LHAASO-KM2A), including 5635 scintillator detectors, with 15 m spacing, for
electromagnetic particle detection.

* An overlapping 1 km? array of 1221, 36 m? underground water Cherenkov tanks, with 30
m spacing, for muon detection (total sensitive area 40,000 m?).

» A close-packed, surface water Cherenkov detector facility with a total area of 90,000 m?
(LHAASO-WCDA), four times that of HAWC.

e 24 wide field-of-view air Cherenkov (and fluorescence) telescopes (LHAASO-WFCTA).

e 452 close-packed burst detectors, located near the centre of the array, for detection of
high energy secondary particles in the shower core region (LHAASO-SCDA).

G. Di Sciascio, RICAP 2014, 02 October 2014 27



LHAASO main components

1 KM2A:
5635 EDs
1221 MDs

WCDA:
3600 cells
90,000 m?

G. Di Sciascio, RICAP 2014, 02 October 2014

WEFCTA:
24 telescopes
1024 pixels each

SCDA:
452 detectors




Water Cherenkov Detector Array
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Electromagnetic particle Detector

-0\; 6- - " -0\7‘ %-
\s} = El - \g}
15m 15m

G. Di Sciascio, RICAP 2014, 02 October 2014

Steel Case
Lead (0.5 cm)

SC Tiles (2 cm)

Steel Case

Effective area

Thickness of tiles

Number of WLS fibers
Detection efficiency (> 5 MeV)
Dynamic range

Time resolution

Particle counting resolution

Aging
Spacing
Total number of detectors

1 m?

2 cm

8/tilex16 tile
>95%

1-10,000 particles
<2 ns

25% @ 1 particle
5% @ 10,000 particles

>10 years
15 m
5635
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107 -

Muon Detector ;

10° Electrons
PMT: 8" or 9’ ol
104é—
10° &
102§—|||||||,,,|...|..|.
; 20 20 60 80 100

log10(Npe)

Photoelectrons distribution at R > 100 m

. from the shower core position
35 Area 36 m?2
" Depth 12 m
E 17 Molasses overburden 25 m
10k Water transparency (att. len) > 30 m (400 nm)
1 Reflection coefficient >95%
: Time resolution <10 ns
107 Particle counting resolution 25% @ 1 particle
iz 5% @ 10,000 particles
Aging >10 years
Spacing 30m
Total number of detectors 1221
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Wide field of view Cherenkov Telescope Array

24 telescopes (Cherenkov/Fluorescence)

5 m? spherical mirror
16 X 16 PMT array
pixel size 1°

FOV: 14° x 14°
Elevation angle: 60°

vV vy vy VvVy

ARGO-YBJ / WFCT.
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Shower Core Detector Array

e 425 close-packed burst detectors, located near the

centre of the array, for the detection of high energy

secondary particles in the shower core region.

Burst Detector

Pb| 7rl 3.5cm

lron 1 r.l.

Scint.

Each burst detector is constituted by 20 optically separated scintillator
strips of 1.5 cm X 4 cm X 50 cm read out by two PMTs operated with

different gains to achieve a wide dynamic range (1- 10° MIPs).

e Lead plate (80 cm X50cm X 7 rl)
=e¢ lronplate (1mX1mX1rl)

G. Di Sciascio, RICAP 2014, 02 October 2014
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The LHAASO site

The experiment will be located at 4300 m asl (606 g/cm?) o b — v %/‘_M,ﬂ. A
in the Daocheng site, Sichuan province, China. | o '

HEILONGJIANG

Coordinates: 29°21' 31", 100° 08' 15"

Dali A Q\\ ® Farhou
¢ L - L r =g
P Kunming Gulin Xharren i
HANTT AU SRR, §
Nanring. {g’(} .Ha;-'u; Ko
G. Di Sciascio, RICAP 2014, 02 October 2014 g Mo 34
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Status of LHAASO

e | HAASO is one of the 'Five top priorities' projects of the Strategic Plan of IHEP
approved by the Chinese Academy of Sciences (CAS).

e The National Reform and Development Commission (NRDC) and the Finance Ministry
(FM) allocated for LHAASO 1 Billion CNY (about 160 M US$) = “Flagship Project”.

® The government of Sichuan province will cover the total cost of the infrastructure
construction: 300 M CNY.

Tentative Schedule (Sept. 2014)

* May, 2015: approval of the environment impact evaluation.
% Oct, 2015: start of construction of first quarter of WCDA, KM2A.
% Aug, 2016: installation of PMTs of WCDA.

% Spring, 2017: start scientific operation of the first quarter of LHAASO.

* 2019: conclusion of installations.

G. Di Sciascio, RICAP 2014, 02 October 2014
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Why LHAASO ?

The LHAASO experiment will be the next generation ground-based experiment, capable
of acting simultaneously as a Gamma Ray Telescope and a Cosmic Ray Detector.

% Gamma-Ray Astronomy (10> — 10° GeV): full sky continuous monitoring

e Below 20 TeV: continuous monitoring of the Northern sky at < 0.01 of the Crab flux
— Sky survey: complementarity with CTA (Cherenkov Telescope Array)

e Above 20 TeV: continuous monitoring of the Northern sky up to PeV with a sensitivity 2000x CTA
for sky survey > 70 TeV— search for PeV cosmic ray sources (Pevatrons)

Gel/ 30 GeV 100;I'eV
Fermi CTA 20 TeV PeV
>
LHAASO

* Cosmic Ray Physics (10" = 10'7 eV): precluded to Cherenkov Telescopes

e CR energy spectrum

® Elemental composition

® Anisotropy

TeV 1017 - 108 eV
> > >
AMS LHAASO AUGER

G. Di Sciascio, RICAP 2014, 02 October 2014 36



LHAASO integral sensitivity for Crab-like sources

WCDA discrimination
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LHAASO Physics Potential

From TeVCat: Extrapolation of TeV spectra assuming no cutoff
o . o —10"g
/1 sources culminating at zenith angle < 40 (‘3 s average index = 2.42
LHAASO latitude = 30° N 5.
-10° < decl < 70° E’
L
e 40 extragalactic R
L

Crab

e 31 galactic

Unidentified
Pulsar Wind Nebulae

0.1 x Crab

Shell Supernova Remnant 107
Binary System

Massive Star Cluster 0.01 x Crab

10-15 | | Ill
10" 1 10 102 3
Energy (Te\])0

70% of Galactic sources are extended

The real sensitivity depends on spectral slope,
culmination angle and angular extension of the source

Probably the fluxes are higher then what measured by IACT
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6 Shell SuperNova Remnants
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L HAASO sensitivity to gamma point sources
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The big advantage of LHAASO is in sky survey !
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Opening the PeVatron range

Lhaaso has no competitors for sky survey: in one year it can
survey the Northen sky at 100 TeV at a level < 0.01 Crab !

“» =[] CTA survey 7 KASCADE U.L.
~ —
£ e : . H.E.S.S. survey, hard sources
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M. Tluczykont et al., arXiv1403.5688 —_— energy / TeV

wide-angle y-ray detectors
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The strong case for all sky survey instruments

The all-sky survey provides un unbiased map of the sky useful to

e enable the detection of unexpected sources - Galactic Plane 20° <1<230° l_
e provides testing ground for new theoretical ideas R TN ' g b B
e provides targets for in-depth observations g | ok
. 8 .5
e study of flaring phenomena (GRBs, solar flares, AGNS) ‘ Apd 779 (2013) 27 b B -
T ) ';a ('Deg;) T I T T e— Y
¢ probe of diffuse emission on scales of several degrees e w2 3 T \ T e
- [ ~e.  ARGO-YBJ  Ei=07Tev ™
e study of localized CR anisotropies § 51? . il o, g = P -
% 05:* * wt‘iﬁ * & - O 5 ‘%@:*%* .
* search for small and nearby high latitude molecular clouds ¢ £ = = = = . - W7 =
| | B ... 20°<1<90°Ibk<10° o+
e constraints on Dark Matter at multi-TeV scale by ‘stacked W Y y N, WE Sl AR RS, AR

ana/ySIS ’ Galactic longitude (deg)
A full exploration of the Galactic Plane requires

e blind search for annihilation in Dark Matter subhalos of both Northern and Southern detectors !

the Galaxy, without any a priori association with an
astrophysical object (dwarf galaxy, Galactic Center, etc)

e search for new, unexpected classes of VHE sources (‘dark accelerator’) useful to constrain the density in the Galactic
halo of cloudlets: cold and dense clumps of material that may constitute a sizeble fraction of baryonic matter mostly
invisible but not for their gamma-ray emission for CR interaction
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DM search with LHAASO, CTA and HAWC

A Morselli 2014
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® There are many assumptions in this prediction
e Doesn’t deal with a possible detections

update of arXiv:1405.1730, arXiv:1208.5356
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Conclusions

Open problems in galactic cosmic ray physics push the construction of new generation EAS
arrays in the 10'" - 1078 eV energy range.

LHAASO is the most ambitious project with very interesting prospects, being able to deal with
all the main open problems of cosmic ray physics at the same time.

It is proposed to study cosmic rays in a wide energy range, from those observable in space
with AMS and approaching those investigated by AUGER, thus including, in addition to the
'knee', the whole region between 'knee' and 'ankle' where the galactic/extra-galactic CR
transition is expected.

At the same time it is proposed as a tool of great sensitivity - unprecedented above 20 TeV - to
monitor ‘all the sky all the time' a gamma-ray domain extremely rich of sources variable at all

wavelengths.

Due to the modular structure of the experiment, first physics results are expected after only 2-3
years from the start of installation. Final installation in 5-6 years.
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Pointed and Survey instruments

Pointed Survey
Observations Instrument

> 90° FoV
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Pointed and Survey instruments

|50inted Survey
Observations Instrument

> 90° FoV

EAS arrays are irreplaceable tools
for all sky survey and to study the
transient TeV sky !
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Why not a dipole 7

e | arge scale anisotropy not a dipole, changes topology with energy and has
complex structure.

e |nthe energy range 1 - 30 TeV, even if only a dipole + quadrupole distribution is assumed, at
least 30% of the signal is due to the quadrupole (multipole of order 2).

e Reality goes much farther than the quadrupole: anisotropies down to ~10° (multipole of the
order 18) were observed in the last five years in the energy range 1 - 30 TeV.

e Although statistically uncertain, above 300 TeV the R.A. projection does not reproduce a daily
sine function, a localized deficit between 30° and 130° seems to be there.
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IceCube + IceTop
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Dwarf Spheroidal galaxies (dSph)

Low luminosity galaxies that are companions to the Milky Way.
The total amount of mass inferred from the motions of stars in dSph is many times that which can be

accounted for by the mass of the stars themselves ™ this is seen as a sure sign of dark matter
Because of the extremely large amounts of dark matter in these objects, they may deserve the title
'most dark matter-dominated galaxies"

Sextans | £

—
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